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ADV

:   adenovirus

COX

:   coxiella burnetii

CPn

:   chamydophila pneumonia

FluA

:   influenza virus A

FluB

:   influenza virus B

LOS

:   length of stay

LPN

:   legionella pneumophila

MP

:   mycoplasma pneumonia

PIV

:   parainfluenza virus

RSV

:   respiratory syncytial virus

Introduction {#resp12205-sec-0002}
============

Acute respiratory infection (ARI) is one of the major diseases causing significant morbidity and mortality among children. Most cases of death caused by ARI are found in the developing world.[1](#resp12205-bib-0001){ref-type="ref"} Between 2000 and 2003, over two million children under the age of 5 died from ARI, with 75% of these deaths occurred in Africa or Southeast Asia.[2](#resp12205-bib-0002){ref-type="ref"} Worldwide for children under the age of 5, ARI (including pneumonia) accounts for 18% of deaths.[3](#resp12205-bib-0003){ref-type="ref"} Therefore, whether in developing or developed countries, ARI is a cause of tremendous human and economic burdens to families and society as a whole.[4](#resp12205-bib-0004){ref-type="ref"}, [5](#resp12205-bib-0005){ref-type="ref"}

Currently, it is widely considered that the major pathogens responsible for ARI are bacteria,[6](#resp12205-bib-0006){ref-type="ref"}, [7](#resp12205-bib-0007){ref-type="ref"}, [8](#resp12205-bib-0008){ref-type="ref"} although atypical bacteria (e.g. *Mycoplasma pneumoniae* (MP)) and viruses also play crucial roles. In particular, during acute upper respiratory tract infections, the infection rates of MP and viruses (mainly influenza virus B (FluB), respiratory syncytial virus (RSV), parainfluenza virus (PIV) and adenovirus (ADV)) can be even higher than those of bacterial pathogens. In addition, new viruses are being discovered, such as human metapneumovirus and coronaviruses (NL63 and HKU1).[9](#resp12205-bib-0009){ref-type="ref"}, [10](#resp12205-bib-0010){ref-type="ref"} Many studies have also shown that MP and viruses display seasonal variations in infection and that mixed infections with multiple pathogens are common. Furthermore, many viruses show high infectivity, rapid transmission, short latency and acute manifestations; and they may also fail to induce lifelong immunity following diseases. The characteristics of these pathogens can lead to high morbidity and mortality, as well as disease pandemics.[11](#resp12205-bib-0011){ref-type="ref"}, [12](#resp12205-bib-0012){ref-type="ref"} Hence, the detection of viruses and atypical bacteria is crucially important.

The symptoms of respiratory viral infection and atypical bacterial infection in children are very similar and show no specificity. As a result, diagnoses of respiratory tract infections are made clinically instead of having microbiological confirmation, and the overuse of antibiotics for non‐bacterial respiratory tract infections is very common. By applying indirect immunofluorescence assays on specimens of hospitalized ARI children, we could detect immunoglobulin M antibodies against nine pathogens, and this provided important data for use in clinical diagnoses and development of more effective therapeutic regimens.

Methods {#resp12205-sec-0003}
=======

Ethics approval {#resp12205-sec-0004}
---------------

The study was approved by the Medical Ethics Review Committee of Renmin Hospital, Wuhan University. All participants in this study were required to provide a written informed consent in accordance with Renmin Hospital of Wuhan University Ethics Committee; patients under supervision of a lawful caregiver if necessary.

Subjects {#resp12205-sec-0005}
--------

Between May 2010 and April 2012, 10 435 child patients, diagnosed as ARI by Emergency Department physician, were admitted to the Department of Pediatrics of Renmin Hospital of Wuhan University, one of the largest general hospitals in Hubei province, central China. The patient group, composed of 6642 men and 3793 women, ranged in age from 1 month to 16 years, with an average age of 37 months. Based on the growth and immune system development of the children, the patients were divided into four groups: under 1 year of age (\<1; 3112 patients); 1--3 years of age (1--3; 3388 patients), 3--6 years of age (3--6; 2685 patients) and more than 6 years of age (\>6; 1250 patients).

Samples and detection methods {#resp12205-sec-0006}
-----------------------------

Serum samples were collected from children who were diagnosed with ARI by Emergency Department physicians, based on clinical signs and symptoms. No radiographical studies were included. Venous blood (2--3 mL) was drawn from each patient and was immediately transferred to the Clinical Laboratory Center of People\'s Hospital of Wuhan University. Following coagulation, the blood samples were centrifuged at 1760 g to isolate the sera. If samples were not assayed immediately, they were stored at 4°C for no more than 24 h. Samples were then examined using immunofluorescence assays to identify immunoglobulin M antibodies against nine common pathogens of the upper respiratory tract: MP, FluB, RSV, PIV, ADV, FluA, LPN, COX and CPn. We used the immunoglobulin M antibody detection kit for upper respiratory tract pathogens (VIRCELL, Granada, Granada, Spain) according to the manufacturer\'s instructions. Microscopic examinations were performed with a EUROStar II immunofluorescence microscope (EUROIMMUN, Hanseatic City of Lubeck, Schleswig‐Holstein, Germany).

Statistical analysis {#resp12205-sec-0007}
--------------------

Differences between the pathogen detection rates for the various groups were examined using the *χ^2^*test; the difference of length of stay (LOS) among different pathogens using *t*‐test (the results were expressed as means ± SD); *P* \< 0.05 was considered to be statistically significant. Data analysis was performed using the SPSS17.0 software program (SPSS Inc, Chicago, Illinois, USA).

Results {#resp12205-sec-0008}
=======

Pathogen detection rates {#resp12205-sec-0009}
------------------------

Among the 10 435 specimens collected, at least one pathogen was identified in 7046 specimens, yielding an overall detection rate of 67.5%. MP showed a positive rate of 56.9% (Fig. [1](#resp12205-fig-0001){ref-type="fig"}), which was the highest among the nine examined pathogens. The next most common detected pathogen was FluB (35.4%). The detection rates of RSV, PIV, ADV, FluA, LPN, COX and CPn were 18.9%, 7.5%, 4.9%, 2.0%, 1.6%, 0.4% and 0.2%, respectively.

![The immunoglobulin M (IgM) detection rates of nine respiratory tract pathogens. mycoplasma pneumonia (MP), influenza virus B (FluB) and respiratory syncytial virus (RSV) showed the highest detection rates. The others pathogens showed lower detection rates and are listed in order of decreasing prevalence: parainfluenza virus (PIV), adenovirus (ADV), influenza virus A (FluA), legionella pneumophila (LPN), coxiella burnetii (COX) and chamydophila pneumonia (CPn).](RESP-19-218-g001){#resp12205-fig-0001}

The seasonal epidemics for each pathogen {#resp12205-sec-0010}
----------------------------------------

The detection rate of MP was consistently high throughout the year, although it was highest in the spring of 2010. Epidemics of FluB occurred in the summer of 2010, as well as in the winters and springs of 2010--2011 and 2011--2012. RSV showed the highest detection rates in the winter of 2010 and spring of 2011 (Fig. [2](#resp12205-fig-0002){ref-type="fig"}a). Seasonal differences in infection for PIV were not observed, and it showed a low detection rate throughout the year. ADV showed the highest detection rate in the spring. Seasonal differences in infection for LPN were not observed, and it showed a low detection rate throughout the year (Fig. [2](#resp12205-fig-0002){ref-type="fig"}b). Epidemics of FluA occurred in the summer of 2010, as well as the springs of 2011 and 2012, but its detection rates in the other seasons were otherwise very low. The detection rates of COX and CPn were very low throughout the year, but their detection rates in the summer of 2010 were slightly higher (Fig. [2](#resp12205-fig-0002){ref-type="fig"}c).

![The monthly detection rates of the nine pathogens between May 2010 and April 2012. Panel (a) shows the seasonal changes of influenza virus B (FluB), mycoplasma pneumonia (MP) and respiratory syncytial virus (RSV); ![](RESP-19-218-g004.jpg "image"), FluB; ![](RESP-19-218-g005.jpg "image"), MP; ![](RESP-19-218-g006.jpg "image"), RSV. panel (b) shows the seasonal changes of parainfluenza virus (PIV), adenovirus (ADV) and legionella pneumophila (LPN); ![](RESP-19-218-g007.jpg "image"), PIV; ![](RESP-19-218-g008.jpg "image"), ADV; ![](RESP-19-218-g009.jpg "image"), LPN. and panel (c) shows the seasonal changes of coxiella burnetii (COX), chamydophila pneumonia (CPn) and influenza virus A (FluA). ![](RESP-19-218-g010.jpg "image"), COX; ![](RESP-19-218-g011.jpg "image"), CPn; ![](RESP-19-218-g012.jpg "image"), FluA. The pathogens are grouped by percentage found overall. The 'Y' axes have different labelling scale.](RESP-19-218-g002){#resp12205-fig-0002}

Mixed infection modes of the pathogens {#resp12205-sec-0011}
--------------------------------------

There were 4136 cases in which two or more pathogens were detected, representing 39.6% of the samples, and the modes of mixed infection were complex (Table [1](#resp12205-tbl-0001){ref-type="table"}). Among the specimens showing infection with two pathogens, the MP+FluB mixed infection was the most common, with 1573 cases (accounting for 38.0% of all mixed‐infection cases), followed by FluB+RSV with 320 cases (accounting for 7.7% of all mixed‐infection cases). Among the specimens showing mixed infection with three pathogens, the MP+FluB+RSV mixed infection was the most common, with 687 cases (accounting for 16.6% of all mixed‐infection cases), followed by MP+FluB+PIV with 133 cases (accounting for 3.2% of all mixed‐infection cases). Among the specimens showing mixed infection with four pathogens, the MP+FluB+RSV+PIV mixed infection was the most common, with 160 cases (accounting for 3.9% of all mixed‐infection cases). Other combinations of mixed infection were rarer and collectively accounted for 13.8% of all mixed‐infection cases.

###### 

Common mixed‐infection combinations of the nine respiratory tract pathogens (only the common mixed infection modes are listed)

  Mix infection modes           Cases (*n*)   Percentage (%)
  ----------------------------- ------------- ----------------
  MP+FluB                       1573          38.0
  MP+RSV                        320           7.7
  MP+PIV                        169           4.1
  FluB+RSV                      121           2.9
  MP+ADV                        116           2.8
  MP+FluB+RSV                   687           16.6
  MP+FluB+PIV                   133           3.2
  MP+FluB+ADV                   99            2.4
  MP+PIV+RSV                    90            2.2
  MP+FluB+RSV+PIV               160           3.9
  MP+FluB+RSV+ADV               66            1.6
  MP+FluB+RSV+FluA              35            0.8
  Other mixed infection modes   576           13.8
  Total                         4136          100.0

ADV, adenovirus; FluA, influenza virus A; FluB, influenza virus B; MP, mycoplasma pneumonia; PIV, parainfluenza virus; RSV, respiratory syncytial virus.
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The distribution of detection rates of the nine pathogens between the different age groups {#resp12205-sec-0012}
------------------------------------------------------------------------------------------

The detection rates of the nine pathogens for each age group are shown in Figure [3](#resp12205-fig-0003){ref-type="fig"}a. The overall detection rates for those younger than 1, between 1 and 3, between 3 and 6 and over 6 years old were 39.2%, 75.3%, 85.0% and 79.4%, respectively; furthermore, the differences between the overall detection rates between the different age groups were statistically significant (*P* \< 0.05), with the pathogen detection rate for the age group of \<1 year old being the lowest. Among the nine pathogens, the differences in the detection rates of MP, FluB, RSV, PIV, ADV, FluA, LPN and CPn between different age groups were statistically significant (*P* \< 0.05). The detection rates of MP, RSV, LPN, FluB, PIV and FluA in the age group \<1 year old were significantly lower than those from the other age groups. The detection rate of ADV was significantly lower, and detection rate of CPn was significantly higher in the \>6‐year age group compared with other age groups. The detection rates of COX did not show significant difference between age groups (*P* \> 0.05). MP showed the highest detection rates over all age groups (47.4%, 49.8%, 51.1% and 48.1%), followed by FluB (30.7%, 31.8%, 34.4% and 33.6%) and RSV (17.2%, 17.5%, 19.8% and 17.1%). Figure [3](#resp12205-fig-0003){ref-type="fig"}b shows the constituent ratios of the detection rates of the nine pathogens for each age group. The ratios of all pathogens were lowest in the \<1‐year‐old age group (except for that of CPn); the ratios of ADV, COX and MP were higher in the 1--3‐year‐old age group and the ratios of PIV, RSV, FluB and FluA were higher in the 3--6‐year‐old group.

![Panel (a) shows the detection rates of the nine respiratory tract pathogens for all age groups. The detection rates of all pathogens over all age groups showed significant differences (*P* \< 0.05) except for those of coxiella burnetii (COX; *P* \> 0.05). ![](RESP-19-218-g013.jpg "image"), \<1 year; ![](RESP-19-218-g014.jpg "image"), 1--3 years; ![](RESP-19-218-g015.jpg "image"), 3--6 years; ![](RESP-19-218-g016.jpg "image"), \>6 years. Panel (b) shows the constituent ratios of the pathogen detection rates for each age group. The ratios of pathogen detection rates in the \<1‐year‐old group were all smaller (except for that of chamydophila pneumonia (CPn)); the constituent ratios of the other pathogens for the different age groups were different. ![](RESP-19-218-g017.jpg "image"), \>6 years; ![](RESP-19-218-g018.jpg "image"), 3--6 years; ![](RESP-19-218-g019.jpg "image"), 1--3 years; ![](RESP-19-218-g020.jpg "image"), \<1 year.](RESP-19-218-g003){#resp12205-fig-0003}

Length of stay in the hospital among different pathogens {#resp12205-sec-0013}
--------------------------------------------------------

In this study, 2910 cases of children were diagnosed with a single infection (i.e. one pathogen only was detected). Among these cases, the LOS of 2872 cases of children infected with one of the five most prominent pathogens types (MP, FluB, RSV, PIV and ADV) and that of 3389 cases of children diagnosed with ARI but were negative for pathogens, were analyzed. The results are shown in Table [2](#resp12205-tbl-0002){ref-type="table"}. The LOS of children with no pathogens identified in their blood samples was shorter than children with a single pathogen, either MP, RSV or PIV, identified (*P* \< 0.05) The longest LOS was MP‐positive patients, followed by PIV and RSV.

###### 

Length of stay (LOS) in the hospital for patients infected by one pathogen only among the five most prominent pathogens

  Pathogens   Cases (*n*)   LOS (mean ± SD)
  ----------- ------------- -----------------
  Negative    3389          5.92 ± 1.31
  MP          2081          7.43 ± 1.74
  FluB        492           6.13 ± 2.09
  RSV         221           6.80 ± 2.18
  PIV         46            7.06 ± 2.46
  ADV         32            6.46 ± 2.52

ADV, adenovirus; FluB, influenza virus B; MP, mycoplasma pneumonia; PIV, parainfluenza virus; RSV, respiratory syncytial virus; SD, standard deviation.
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Discussion {#resp12205-sec-0014}
==========

ARI is one of the major threats to the health of children; therefore, the detection of pathogens that causes ARI is now an area of research interest. In this study, we examined specimens from children with symptoms of respiratory tract infection. Our results showed that the overall antibody detection rate among the 10 435 patients was 67.5%, which was within the wide range of rates reported in other studies.[13](#resp12205-bib-0013){ref-type="ref"}, [14](#resp12205-bib-0014){ref-type="ref"}, [15](#resp12205-bib-0015){ref-type="ref"} These differences may be associated with various factors such as different pathogen epidemics,[16](#resp12205-bib-0016){ref-type="ref"}, [17](#resp12205-bib-0017){ref-type="ref"} geographical differences, population susceptibility and methodology.[13](#resp12205-bib-0013){ref-type="ref"}, [18](#resp12205-bib-0018){ref-type="ref"} It is also possible that because the subjects of this study were hospitalized children, the observed detection rates were higher than general screening. In addition, the overall detection rate was associated with the number of distinct types of pathogens being detected. Although we studied nine common respiratory tract pathogens in this study, other studies reported that metapneumovirus, human bocavirus, and human rhinovirus also account for a certain percentage of infections.[12](#resp12205-bib-0012){ref-type="ref"}, [19](#resp12205-bib-0019){ref-type="ref"} This difference suggests that our results may not reflect the full spectrum of ARI pathogens in the local area.

Among the examined pathogens, MP showed a high detection rate throughout the year and was highest in the spring of 2011. However, Bezerra *et al*.[1](#resp12205-bib-0001){ref-type="ref"} and Defilippi *et al*.[20](#resp12205-bib-0020){ref-type="ref"} reported that MP was most prevalent in summer. In addition, we found that epidemics of FluB occurred in the summer of 2010 as well as the winters and springs of 2010--2011 and 2011--2012, which was consistent with the study by Tang *et al*.,[21](#resp12205-bib-0021){ref-type="ref"} but inconsistent with the results of Mardy *et al*.,[11](#resp12205-bib-0011){ref-type="ref"} who found that epidemics of FluB occurred in the fall and winter. We found that the detection rates of RSV were higher in the winter of 2010 and the summer of 2011, similar to the findings reported by Fabbiani *et al*.[22](#resp12205-bib-0022){ref-type="ref"} and Noyola *et al*.[23](#resp12205-bib-0023){ref-type="ref"} Seasonal fluctuations of infection by PIV were not evident; on the other hand, Yeolekar *et al*.[24](#resp12205-bib-0024){ref-type="ref"} and Maitreyi *et al*.[25](#resp12205-bib-0025){ref-type="ref"} reported that infection by PIV was most common in the winter and spring. The detection rate of ADV was higher in spring, consistent with studies by Fabbiani *et al*.[22](#resp12205-bib-0022){ref-type="ref"} and Wang *et al*.[26](#resp12205-bib-0026){ref-type="ref"} Epidemics of FluA occurred in the summer of 2010 and springs of 2011 and 2012, but the positive rates were very low for all other seasons. This finding is consistent with the results of Chan *et al*.[27](#resp12205-bib-0027){ref-type="ref"} and demonstrates that this disease can have epidemic during the winter and spring as well as summer. Our study found that the epidemic seasons of certain pathogens were different from those found in other reports, which was most likely due to local climate and population differences. Climate is an important factor. An example of this is that RSV has a higher prevalence in summer in tropical countries (e.g. Vietnam)[13](#resp12205-bib-0013){ref-type="ref"} but a higher incidence in winter in temperate regions (e.g. Germany and South Korea).[6](#resp12205-bib-0006){ref-type="ref"}, [17](#resp12205-bib-0017){ref-type="ref"}

Our study also revealed high incidences of mixed infections and that the modes of mixed infection were complex. Among mixed infections with two pathogens, the MP+FluB and FluB+RSV combinations were the most common. In a similar study, Peng *et al*.[28](#resp12205-bib-0028){ref-type="ref"} showed that FluA+FluB was the most common mode. The reason may be that MP, FluB and RSV were the most common pathogens of single infection; besides, there may be some similarities in their epidemic season. Mixed infection is likely the result of damage to airway mucosal cells caused by a prior pathogen (such as MP), allowing other pathogens to infect a patient. Mixed infections may also be associated with the relatively poor health and immune function of children, the long course of certain diseases, long hospitalizations or physical contact with other patients. It is also important to be aware that the detection rate of mixed infection is very dependent on methodology[29](#resp12205-bib-0029){ref-type="ref"} and how many types of pathogens are being studied.

We found that the detection rates between the different age groups were significantly different and that the \<1‐year‐old group had the lowest rate. The detection rates for MP were the highest for each age group, which was significantly higher than that reported by a previous study,[1](#resp12205-bib-0001){ref-type="ref"}, [20](#resp12205-bib-0020){ref-type="ref"} but similar to that reported by Liu *et al*.[30](#resp12205-bib-0030){ref-type="ref"} In general, MP is more prevalent among older children[1](#resp12205-bib-0001){ref-type="ref"}, [31](#resp12205-bib-0031){ref-type="ref"} The detection rates of FluB observed in this study were much higher than those reported elsewhere;[32](#resp12205-bib-0032){ref-type="ref"}, [33](#resp12205-bib-0033){ref-type="ref"} in addition, the detection rates for the different age groups also showed significant differences, with the detection rate in the 3--6‐year‐old group being the highest. The detection rates of RSV in the different age groups were significantly different, with the highest detection rate being seen in the 3--6‐year‐old group; however, our RSV detection rates were higher than those of earlier studies.[34](#resp12205-bib-0034){ref-type="ref"}, [35](#resp12205-bib-0035){ref-type="ref"}

The LOS was affected by many factors, such as the pathogen species, the timeliness of treatment, the hospital medical level, the children\'s family economic status and the individual differences with regard to medication; but most important was the pathogen species. Therefore, the LOS of children was analysed according to the pathogens responsible for the infection. A difference in the virulence of pathogens may lead to differences in LOS. Moreover, viral infections have varying self‐limiting cycles that may cause differences in LOS.

In summary, we used immunofluorescence assays to rapidly examine specimens from paediatric cases of ARI over a 2‐year period. We found that the most common pathogens causing ARI among the children of the Hubei area of China were MP, FluB and RSV; and the detection rates for each pathogen displayed specific seasonal variations. Mixed infections were more common than single infections. The detection rates of pathogens also displayed variations between different age groups. Our analysis enabled us to better understand the viral aetiology of local ARI in children. Despite the fact that certain ARI pathogens have yet to be identified, our approach may prove to be a powerful tool for aetiological diagnosis of ARI in children, and we will be able to provide children with timely diagnoses to inform appropriate treatment that may in turn prevent complications.
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